SCLC is unique because it usually does not occur in never-smokers. 8, 9 Besides smoking, other factors such as secondhand smoke, 10 cooking fumes, 11 genetic predisposition, 12 hormones,
INTRODUCTION
Worldwide, lung cancer is one of the most common cancers. In 2012, an estimated 1.8 million patients are newly diagnosed, 58% of whom live in less developed regions. 1 Specifically, lung cancer in Thailand was ranked as one of the most common cancers in males and females (32.0 and 10.1 per 100,000, respectively). 2 Lung cancer mortality rates have already peaked in many high-income countries but are still on the rise in low-and middle-income countries (LMICs), including Thailand. 3 This partly reflects the various stages of the tobacco epidemic, with smoking prevalence declining for many years in high-income countries but still on the rise and just recently decreasing in many LMICs. Cigarette smoking is the main cause of lung cancer. In Thailand, smoking prevalence has decreased in the past 20 years from 60% to 39% in males and 5% to 2.1% in females between 1991 and 2014. 4, 5 Overall lung cancer incidence in contrast has been increasing in Thailand since the 1990s, which likely reflects, in part, the lag between exposure and cancer onset. 6 Lung cancer histology can be classified into two major categories: small-cell lung cancer (SCLC) and non-small-cell lung cancer (NSCLC). Adenocarcinoma (AdC), squamous cell carcinoma (SCC), and large-cell carcinoma (LCC) are the main NSCLC subtypes. Smoking increases the risk of all histologies, but the degree of the association varies. SCC and SCLC are affected more profoundly by smoking than other histologies. occupational exposures, 14 and household radon 15 contribute lung cancer risk.
The aim of this study was to better understand the trends of lung cancer incidence by histology and sex in various regions in Thailand. We first analyzed trends of age-adjusted lung cancer rates using joinpoint regression. We then investigated the temporal trends of AdC and SCC using age-period-cohort models. Finally, we used three projection methods to forecast lung cancer incidence rates by histology until 2030.
METHODS

Cancer Registries and Case Ascertainment
Lung cancer data were extracted from the Chiang Mai (1990 to 2012), Lampang (1993 to 2014), Khon Kaen (1990 to 2014), and Songkhla (1990 to 2014) cancer registries. These registries were chosen on the basis of their locations (Appendix Fig A1) and high-quality data. The population in each region in 2014 was 1.6 million in Chiang Mai, 1.7 million in Khon Kaen, 0.7 million in Lampang, and 1.5 million in Songkhla. Case ascertainment in each registry has been estimated to be > 70%. 16 Diagnoses were obtained using the International Classification of Disease, Tenth Revision, codes C33 and C34. Patient information included age, sex, year of diagnosis, and histology. Population denominators were estimated from population censuses conducted by the National Statistical Office in 1990, 2000, and 2010. 17, 18 Intercensus populations were estimated using a log-linear function between two consecutive censuses. The populations beyond 2010 to 2030 were estimated and reported by the Office of the National Economic and Social Development Board. 19 Age-adjusted lung cancer incidence was standardized to the Segi world population. 20 Diagnoses were classified by histology on the basis of International Classification of Diseases for Oncology, third edition, code. Table 1 lists the distribution of patients with cancer by sex, age, period, histology, and registry. Missing histology was substantial across registries at approximately 30% to 50%, depending on the registry. We thus conducted multiple imputation using the R package MICE (version 3.2.0; https://cran.r-project. org) to complete the missing information. Details about the multiple imputation procedure and its appropriateness are provided in the Appendix.
Because AdC and SCC are the most common types of carcinoma in all registries, our analyses primarily focused on these histologies. The main analyses were conducted using the imputed data, but we performed sensitivity analyses with complete patient data to evaluate the effect of imputation on trend assessment. This research was approved by the research ethics committee of the Faculty of Medicine, Prince of Songkla University (approval #58-013-18-1).
Trend Analysis
Joinpoint. To identify significant changes in trends of age-adjusted lung cancer rates, we performed joinpoint regression analysis using the statistical software Joinpoint version 4.0. 1. 21 Joinpoint regression identifies the annual percent change (APC) of incidence rates in each statistically significant trend interval. Because of sparse data, we restricted the analysis to five data points as the minimum number of observations between two joinpoints. The average APC of incidence rates for the past 10 years was estimated for comparison across demographic and histology groups.
Age-period-cohort analysis. Age-period-cohort models were used to estimate the separate effects of age, period (calendar year), and cohort (birth cohort) on lung cancer incidence. 22 This assumes that the incidence rates follow a Poisson distribution with mean equal to the product of age, period, and cohort effects. To deal with the identifiability issue of age-period-cohort models, 22 we fitted the models with either cohort (AP-C) or period (AC-P) constrained to be zero on average with zero slope. The best-fitted models were determined on the basis of the Akaike information criterion. Analyses were performed using the R package Epi. 23 We anchored the 1940 birth cohort and 2000 calendar year as reference. The AP-C and AC-P models were fitted to AdC and SCC data in each registry separately by sex.
Projections
We projected lung cancer incidence by histology in four registries until 2030 using three different approaches: joinpoint, age-period-cohort, and Nordpred models.
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Joinpoint. Because recent trends are likely to be the best predictors of future cancer incidence, this projection was obtained by carrying forward the APC estimate from the last joinpoint period to future years. 25 For projections, we attenuated (reduced) the drift in the joinpoint model by 8% each year after the period of observation. For instance, detrending by 8% annually attenuates the linear trend by 1 − (1 − 0.08) k , where k = 1, 2…, N. The average attenuation rate for the first 5 years is 21.6%, which corresponds to the first 5-year attenuation rate in the Nordpred model.
Age-period-cohort. We used AP-C and AC-P models for age-period-cohort projections. For the AC-P approach, the estimated cohort effects were projected to 2030 while the age and period effects were kept constant. For the AP-C approach, the estimated period effects were projected to 2030 while the age and cohort effects remained constant. A similar detrending approach as for the joinpoint projections was applied to attenuate the linear cohort or period effects trend when projecting these into the future.
Nordpred.
We used the R package Nordpred to project lung cancer incidence. 24 Using the calibrated age-period-cohort model, we computed incidence rates for each 5-year age-group and 5-year interval. The estimated trends on the basis of the observed data were extrapolated to four separate periods until 2030. To avoid potential overestimation of patients with lung cancer, a power function in Nordpred was used to attenuate the linear trend by 0%, 21.6%, 48.3%, 65.9%, and 77.6% for the corresponding five periods: Figure 1 shows lung cancer trends by registry, sex, and histology from the joinpoint analysis, and the corresponding APC estimates are listed in Appendix Tables A1 and A2. Of the four registries, Chiang Mai had the highest AdC incidence rates in both males and females (12.5 and 13.3 patients per 100,000, respectively) in 1990. 3.1% ; 95% CI, 0.2% to 6.0%). SCLC, SCC, and LCC rates have been decreasing (or nonincreasing) in all registries, except for SCLC in Songkhla, but the number of patients is limited. As a sensitivity analysis, we also conducted a complete case analysis using joinpoint regression, and found that the main conclusions are unchanged (Appendix Table A3 ). Pairwise parallel tests in the joinpoint analysis show that in general, trends are similar for females but different for males by region (data not shown).
RESULTS
Trends
Age-Period-Cohort Analysis
For males, the AC-P model, which gives predominance to cohort rather than to period, fit best for all registries except SCC in Khon Kaen and AdC in Songkhla. For females, the AC-P model fit best for AdC and SCC in Chiang Mai and Lampang (Appendix Table A4 ). Figures 2 and 3 show estimated age and cohort effects from the AC-P models and age and period effects from the AP-C models for AdC. Appendix Figures  A2 and A3 shows similar values for SCC. The AdC period effects increased from 2000 to 2010 for both Chiang Mai and Songkhla males and females, whereas the effects were relatively flat for others. We also observed an increase in the cohort effects for Songkhla males and females, whereas others have remained constant. Conversely, for SCC, the cohort effects were lower in recent birth cohorts for both males and females in all regions. Appendix Figures A4 and A5 show birth cohort effects of AdC and SCC with 95% CIs by sex and registry.
Projections
Figures 4 and 5 show projected incidence rates of AdC by region and sex. On the basis of the joinpoint approach for AdC, incidence rates are projected to increase to 20.89 patients per 100,000 for Chiang Mai males and to 20.59 and 19.25 per 100,000 for Songkhla males and females, respectively, in 2030. Both AP-C and AC-P models project that the incidence rates for Songkhla males in 2030 will reach to 17.6 and 17.1 patients per 100,000, respectively, and for Songkhla females to 10.0 and 9.6 per 100,000, respectively. The Nordpred model projects that incidence rates of AdC will continue to increase to 16.7 and 12.3 patients per 100,000 for Songkhla males and females, respectively. Conversely, the rates of SCC are projected to decrease over the years to reach fewer than five patients per 100,000 in 2030 for both males and females in all regions (Appendix Fig A6) .
DISCUSSION
We investigated lung cancer incidence trends in Thailand by region, histology, and sex using joinpoint and age-period-cohort models. We also projected lung cancer rates until 2030 by using three approaches: joinpoint, age-period-cohort, and Nordpred. To our knowledge, this study is the first to examine lung cancer trends in Thailand by comparing incidence in multiple registries by histology. Overall, AdC rates were stable or increased moderately for both males and females in Chiang Mai and Lampang, whereas SCC, LCC, and SCLC rates generally have decreased. Similar patterns were observed in Songkhla and Khon Kaen but with larger increases for AdC. Projections suggest that the larger burden of AdC in Songkhla and lesser burden in Chiang Mai and Khon Kaen will continue until 2030.
The decrease in incidence of SCC, LCC, and SCLC can be partly explained by reductions in smoking. Since 1993, Thailand has implemented strong tobacco control policies, including taxation, packaging and labeling, advertising bans, and smoke-free public areas, which have resulted in a decrease in smoking prevalence from 32.0% in 1991 to 21.2% in 2007. 4, 26 However, smoking patterns vary by sex and region, which might explain some of the regional differences in cancer rates. According to the 2011 Thailand Global Adult Tobacco Survey, the south has the highest number of daily smokers (29.9%), and Bangkok has the lowest (18.1%).
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In males, smoking prevalence is highest in the south (a decrease from 60.9% in 1994 to 49.9% in 2007) and lowest in Bangkok (a decrease from 45.7% in 1991 to 26.9% in 2007) . For females, smoking prevalence is highest in the north (a decrease from 12.5% in 1991 to 5% in 2007) and lowest in the northeast (a decrease from 2.1% in 1991 to 0.7% in 2007). 28 Conversely, for AdC, we found increasing or nondecreasing trends across regions and sex. Similar patterns, particularly for females, have been found in some high-income Asian regions, including Osaka (Japan), Hong Kong, and Tianjin (China), and the underlying causes are the topic of much debate. [29] [30] [31] [32] [33] [34] With regard to trends by period and cohort, in Chiang Mai and Lampang, the trend of AdC was better explained by birth cohort effects, whereas in Khon Kaen and Songkhla, both period and birth cohort effects were important. Some of these differences also might be related to variations in smoking patterns by region as described in the Results. In addition, misclassification of HIV/AIDS-related malignancies as pulmonary cancers might have occurred in the 1990s as a result of the stigma associated with an HIV/AIDS diagnosis in Thailand. 35 Chiang Mai and Lampang were more affected by the HIV/AIDS epidemic 35 ; therefore, AdC incidence could have been artificially inflated in the 1990s and early 2000s in these provinces. Moreover, the increasing trends of AdC in Khon Kaen and Songkhla could be related to faster improvements in diagnosis and better case ascertainment 36,37 and histologic classification in these registries as a result of histology-specific treatment guidelines 38 because they are considered to have better data quality than the others.
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The relative shift from SCC, SCLC, and LCC to AdC may be explained by other factors. First, some researchers have hypothesized that the change in the composition of cigarettes to low-tar filtered cigarettes could change the prevalence of certain histologic types of lung cancer.
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With newer filtered cigarettes, smokers might have to inhale more deeply, which may lead to more peripheral tumors, such as AdC. 43 Tobacco companies have increased the composition of tobacco-specific N-nitrosamines, which are AdC inducers, and decreased the polycyclic aromatic hydrocarbons. 44 Future studies are needed to examine the composition of cigarettes used by the Thai population, especially with the increasing use of hand-rolled cigarettes. 45, 46 Second, there might be changes in exposure to environmental carcinogens. Studies have suggested that outdoor air pollution (particulate matter size of 2.5 μm [PM2.5] and PM10) is a relevant contributor to AdC risk. 47 As Thailand undergoes globalization, we speculate that air pollution from vehicle emissions, biomass burning, and transboundary haze in rural and border areas could increase AdC incidence. Particularly, agricultural burning and forest fires in Chiang Mai have been major sources of high levels of PM10. 48 This study has some limitations. First, we imputed missing histology using multiple imputation with available covariates in the registries (age, sex, year of diagnosis, and registry). Diagnostic analyses suggest that there is enough information in the available data to impute histology. However, other important variables that are correlated with histology, such as tumor stage and grade, were not available in all registries. Second, the age-period-cohort models have an inherent nonidentifiability issue that prevents the unique estimation of period or cohort effects. We resolved this problem by fitting models with either zero-slope period or zeroslope cohort effects. 49 The relative fit of these models gives an assessment of whether period or cohort is better correlated with lung cancer incidence. Smoking is largely a cohort-related behavior, 50 with most users beginning smoking as young adults and carrying out the behavior through adulthood. However, we cannot exclude the possibility of some underlying period-based trends as a result of improvements in registry quality with time and increasing awareness of the health hazards of smoking supported by the implementation of emerging tobacco control laws. Moreover, our conclusions and projections could be affected by uncertainty in the estimation of period or cohort trends, particularly for smaller registries like Khon Kaen (Appendix Figs  A4 and A5) . Third, the registry data do not have information on biomarkers 51 or environmental and behavioral risk factors. Thus, examination of the causal relationship between these factors and observed lung cancer trends is difficult. Furthermore, many lung cancer diagnoses were extracted from death certificates in which histology information usually is not available. Although some patients' tumor biopsy samples were available, pathologist misclassification of histology types is also possible, particularly as a result of the changes in diagnostic criteria for histopathologic diagnosis and coding practice in the past few decades, with a transition from classification of AdC and SCC as nonspecific NSCLC to more-specific codes.
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This study has several strengths. It is the first to our knowledge to examine the histology-specific lung cancer trends by age, period, and birth cohort in multiple regions in Thailand. The trend analysis was based on data from four population-based cancer registries, which have good quality with high completeness and validity (with the exception of histology). 16 The age-period-cohort approach allowed us to examine the influence of age, period, and birth cohort on the changing trends of lung cancer incidence by histology. Moreover, we used three alternative projection approaches, which are based on different aspects of lung cancer incidence (ageadjusted rate, APC, and period and cohort trends). All projected consistent trends for lung cancer incidence by histology in future years.
Our projections can serve as a basis for assessing the future burden of lung cancer in Thailand and other LMICs. Given the current reductions in smoking prevalence, SCC incidence is expected to continue to decrease in the next decades (which is partially captured in our projections by the decreasing trends by birth cohort). Conversely, the AdC trends vary by region, either remaining constant or continuing to increase. Future studies should focus on characterizing the time-varying effect of smoking on lung cancer by histology, improving the projections by explicitly incorporating the relationship between smoking patterns and lung cancer rates, 26, 54 and understanding the effect of other nonsmoking lung cancer risk factors. The projected changes in histology distribution in future years will have major implications for prognosis and treatment options. In the United States, there are no differences in treatment options by histology for patients diagnosed with lung cancer at either stage I or stage II. However, for patients with either stage III or stage IV lung cancer, targeted therapy has been administered given their tumor histology. 36, 37 For instance, patients with AdC Rates (patients/100,000) tend to have epidermal growth factor receptor mutations and anaplastic lymphoma kinase rearrangements, and treatments that target these genetic changes have been shown to improve patients' prognosis. 55 In Thailand, there seems to be a high prevalence of epidermal growth factor receptor in AdC tumors 56 ; thus, additional increases in AdC rates, as projected here, could have important implications for resource and treatment planning in Thailand.
We found changes in lung cancer rates by histology in Thailand, with some differences by sex and geographic region. This highlights the need for regional surveillance systems for both risk factors and cancer to evaluate how nontobacco risk factors in synergy with cigarette smoking will shape future lung cancer rates in different areas. Lung cancer prevention and control policymakers should consider these dynamic patterns in lung cancer incidence when assessing potential interventions and planning health resource allocations. Rates (patients/100,000) 
Missing Histology Analysis
Missing histology was substantial across registries, with approximately 30% to 50%, depending on the registry. We thus conducted a descriptive analysis and evaluated Little's missing completely at random test (Little RJA: J Am Stat Assoc 83:1198-1202, 1988) to explore whether the histology data are missing completely at random using the R package BaylorEdPsych. We then imputed the missing histology through the multiple imputation approach (using the R package MICE) using the available covariates in all registries: age, sex, year of diagnosis, and registry (Sriplung et al: BMC Cancer 16:389, 2016; R Development Core Team: http://www.R-project.org).
Our analysis shows that the distributions of age and year of diagnosis are different between patients with missing and nonmissing histology in all cancer registries (Table A5 ). In addition, the sex distribution is different only in the Chiang Mai and Khon Kaen registries.
The results from the Little's missing completely at random test indicate that the histology data are not missing completely at random in all cancer registries, which suggests that missing histology can be imputed (Table A6) . Table A7 lists the distribution of patients with lung cancer by histology in each registry before and after imputation, and Figure A2 shows the distribution stratified by year of diagnosis in the imputed data. Pairwise parallel tests in joinpoint show that the trend of adenocarcinoma is similar among complete cases and imputed data for both males and females in all regions, except for Songkhla males. On the other hand, the trend of squamous cell carcinoma is similar between the two data sets only for Khon Kaen males and Lampang females and males (data not shown), although the long-term trends are consistent. 64 (13) 63 (11) 63 (13) 61 (12) 67 (12) 64 (11) 66 (14) 63 (12) 65 (13) 63 ( *NSCLC was treated as Unknown and also re-distributed to a specific histologic type through multiple imputation.
